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Compounds of formula : 








(I) 



< 



m 



LU 



and pharmaceutical^ acceptable salts thereof, 
wherein 

R 1 is H; C r C 3 alkyl optionally substituted with one or more fluoro substituents ; or C 3 -C 5 
cycloalkyl ; R 2 is H, or C r C 6 alkyl optionally susbtituted with one or more fluoro subtituents or with C 3 -C 6 
cycloalkyl ; R 3 is C r C 6 alkyl optionally substituted with one or more fluoro substituents or with C 3 -C 6 
cycloalkyl ; C 3 -C 5 cycloalkyl ; C 3 -C 6 alkenyl ; or C 3 -C 6 alkynyl ; R 4 is C r C 4 alkyl optionally substituted 
with OH, NR 5 R 6 , CN, CONR 5 R 6 or C0 2 R 7 ; C r C 4 alkenyl optionally substituted with CN, CONR 5 R 6 or 
C0 2 R 7 ; C 2 -C 4 alkanoyl optionally substituted with NR 5 R 6 ; hydroxy C 2 -C 4 alkyl optionally susbtituted 
with NR 5 R 6 ; (CrC 3 ^\koxy)O v C 2 alkyl optionally substituted with OH or NR 5 R 6 ; CONR 5 R 6 ; C0 2 R 7 ; 
halo ; NR 5 R 6 ; NHS0 2 NR 5 R 6 ; NHS0 2 R 8 ; or phenyl or heterocyclyl either of which is optionally 
substituted with methyl ; R 5 and R 6 are each independently H or C r C 4 alkyl, or together with the 
nitrogen atom to which they are attached from a pyrrolidinyl, piperidino, morpholino, 4 : 
(NR 9 )-piperazinyl or imidazoyl group wherein said group is optionally substituted with methyl or 
hydroxy ; R 7 is H or C r C 4 alkyl ; R 8 is C r C 3 alkyl optionally substituted with NR 5 R 6 ; 
and R 9 is H ; C r C 3 alkyl optionally substituted with phenyl ; hydroxy C r C 3 alkyl ; or C r C 4 alkanoyl ; 
are selective cGMP PDE inhibitors useful in the treatment of cardiovascular disorders such as angina, 
hypertension, heart failure and atherosclerosis. 
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15 



20 



25 



30 



torJrt^T" re,ateS I° 3 S6rieS ° f P^olor4,3-d]-pyTimidin-7-ones, which are potent and selective inhib- 
rtors i of cyclic guanosme ^'-monophosphate phosphodiesterase (cGMP PDE), having utility in a vlrilty of 

The compounds of the invention exhibit selectivity for inhibition of cGMP pDEs rather than cyclic adenosine 
«o rSlST! Ph , 0Sph0dieSterases < cAMP P° Es ) ^d. as a consequence of thi select PDE nh - 
!aL S2T h "! 6 Vated ' WhiCh in C3n 9iVe rise 10 beneficial anti-platelet, anti-neutrophi l anti 

nn h 1 1,- n,trovasod,lators - Thus the compounds have utility in the treatment of a number of disoSers 

""T ^ Vafiant (PrinZme - ta,) an9ina; ^^0". Penary hyper ensfon ^ congesUve' 
heart faHure, atheroscleroas, conditions of reduced bloodvessel patency e.g. p^t-percltaneouTSum^ 
coronary ang,op,asty (post-PTCA), peripheral vascular disease, stroke bSffiSSSE ^aZto 

"ndTomeX n,hS ' 9laUCOma ' a ^ 

European patent application EP-A-02011 88 discloses certain pyrazolo[4.3-d]pyrimidin-7-ones as adenn. 

t inhibitors - usefui in the 

ttSZX STSL^i^ are neither particu,ar,y poten : PDE — - 

The compounds of the present invention have the formula (I): , 




(I) 



wherein 



£ j " : ^: C3 r al ^P tional| y sub s«hited with one or more fluoro substituents; or cycloalkyl; 
R 3 s C ^ aikvi °P|' ona ''y substituted with one or more fluoro substituents or with C 3 -C e cycloalkyl - 
C 8 cyL^^^ 

R 4 is C r C 4 alkyl optionally substituted with OH, NR5R6CN.CONR5R6 or CO R7-r r .. 

a tt a c h rf and R6 ^ ' nde P endent| y H or C,-C 4 alkyl. or together with the nitrogen atom to which thev are 

* R 7 is H or C,-C 4 alkyl; 

R 8 is C,-C 3 alkyl optionally substituted with NR5RS- 

and 

. . R9 is H: alk y 0 P«ona»y substituted with phenyl; hydroxy alkyl; or C,-C 4 alkahovT 
and pharmaceutically acceptable salts thereof 4 a,Kanoyl ' 

50 be slraSt^ h^ntf J? • "f'! MiCated ' a,kyl 9roups havin 9 three °r more carbon atoms may 

arouos hll 7 1 addi,i0n ^ ° r a,kynyl 9roups havi "9 ^ur or more carbon atoms 
tod wh?r h l " 3 ° mS ' bS Strai9ht ° r branched chain - Hal ° ™ans fluoro, chloro bmrnoTr 

p^idS " *" B ^ thieny,> PVrid ^ PyTaZO,y1 ' imidaZ °'^ «■"»* or 

W ' ena n T tH?rrw nd ! ° f formU ' a (l> may C ° ntain °" e 0r more asymmetric centres and thus they can exfet as 

may e^tTs * tSTZT 'JT" ^ C ° mP ° UndS ° f <'> Which «■"»• 
SSmers tranS " S ° merS - "* ,nstance - the Mention includes both mixtures and separate indi- 
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The compounds of formula (I) may also exist in tautomeric forms and the invention includes both mixtures 
and separate individual tautomers. 

, Also included in the invention are radiolabeled derivatives of compounds of formula (I) which are suitable 
for biological studies. 

5 The pharmaceutical^ acceptable salts of the compounds of formula (I) which contain a basic centre are 

acid addition salts formed with pharmaceutical^ acceptable acids. Examples include the hydrochloride, hy- 
drobromide, sulphate or bisulphate, phosphate or hydrogen phosphate, acetate; benzoate, succinate, fumar- 
ate, maleate, lactate, citrate, tartrate, gluconate, rnethanesulphonate, benzenesulphonate and p-toluenesul- 
phonate salts. Compounds of the formula (I) can also provide pharmaceutical^ acceptable metal salts, in par- 
10 ticular alkali metal salts, with bases. Examples include the sodium and potassium salts. 

A preferred group of compounds of formula (I) is that wherein R 1 is H, methyl or ethyl; R 2 is C^C 3 alkyl; 
. R 3 Is C2-C3 alkyl; R 4 is C r C 2 alkyl optionally substituted with OH, NR 5 R 6 , CONR 5 R 8 or C0 2 R 7 ; acetyl optionally 
substituted with NR 5 R 6 ; hydroxy ethyl substituted with NR 5 R 6 ; ethoxy methyl optionally substituted with OH or 
NR 6 R 8 ; CH=CHCN; CH=CHCONR 8 R 8 ; CH=CHC0 2 R 7 ; C0 2 H; CONR?R 8 ; Br; NR 5 R 6 ; NHS0 2 NR 8 R 8 ; NHS0 2 R 8 ; 
15 or pyridyl or imidazolyl either of which is optionally substituted with methyl; R 5 and R 6 are each independently 
H, methyl or ethyl, or together with the nitrogen atom to which they are attached form a piperidino, morpholino, 
4-(NR 9 )-1-piperazinyl or imidazolyl group wherein said group is optionally substituted with methyl or hydroxy; 
R 7 is H or t-butyi; R 8 is methyl or CH 2 CH 2 CH 2 NR 5 R 6 ; and R 9 is H, methyl, benzyl, 2-hydroxyethyl or acetyl. 
A particularly preferred group of compounds of formula (I) is that wherein R 1 is methyl; R 2 is n-propyl; R 3 
20 ' is ethyl or n-propyl; R 4 is CH 2 NR 5 R 6 , CH 2 OCH 2 CH 2 NR 5 R 8 , CH 2 0CH 2 CH 3 , CH 2 OCH 2 CH 2 OH, COCH 2 NR 8 R 8 , 
CH(OH)CH 2 NR 5 R 6 , CH=CHCON(CH 3 ) 2 , CH=CHC0 2 R 7 , C0 2 H, CONR 5 R 6 , Br, NHS0 2 NR 5 R 6 , NHS0 2 CH 2 
CH 2 CH 2 NR 5 R 8 , 2-pyridyl, 1-imidazolyl or 1-methyl-2-imidazolyl; R 5 andR 8 together with the nitrogen atom to 
which they are attached form a piperidino, 4-hydroxypiperidino, morpholino, 4-(NR 9 )-1-piperazinyl or 2-methyl- 
1-imidazoyl group; R 7 is H or t-butyl; and R 9 is H, methyl, benzyl, 2-hydroxyethyl or acetyl. 
25 Especially preferred individual compounds of the invention include: , 

5-[2-ethoxy-5-(1-methyl-2-imidazolyl)ph 
"*din'-7-one; n 

5-[2-ethoxy-5-(4-mehyl-1-piperazinylcarbonyl)phenyl]-1^methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4, 
3-d]pyrimidin-7-one; 
3d] ^[5-(4-acetyl-1-piperazinyl)acetyl-2-e^ 

pyrimidin-7-one; ♦ 

5- (2-ethoxy-5-morphol inoacetyl phenyl)- 1 -methyl-3- n-propyl- 1 ,6-d ihydro-7H-pyrazolot4,3-d]pyrimidin-7-one; 
and5-(5-morpholinoacetyl-2-n-propoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- d]pyrimi- 
din-7-one. 

35 Depending on the nature of R 4 , the compounds of formula (I) may be prepared by a variety of methods 
from a compound of formula (II) : 



O R 1 




wherein R\ R 2 and R 3 are as previously defined. For example, when R 4 is C 2 -C 4 alkanoyl, the required product 
is obtainable by conventional Friedel-Crafts acylation whereby (II) is reacted with about a 2-fold excess of an 
acyl halide of formula ((VC3 alkyl)COY, wherein Y is halo, preferably chloro or bromo, in the presence of about 

so a 3-fold excess of a Lewis add such as aluminium chloride or aluminium bromide, in a suitable solvent, e.g. 
dichloromethane, at from about 0°C to the reflux temperature of the reaction medium. When R 4 is C 2 -C 4 alkanoyl 
substituted with NR 6 R 8 , wherein R 6 and R 6 are as previously defined, the product is obtained from (II) via the 
intermediacy of the corresponding haloketone, i.e. a compound of formula (I) wherein R 4 is 00(0^03 alky- 
lene)X and X is halo, preferably chloro or bromo, by reaction of the appropriate haloketone with the required 

55 amine of formula R 5 R 6 NH in the presence of at least one equivalent of base to scavenge the liberated acid by- 
product (HX), in a suitable solvent, e.g. acetonitrile, at about room temperature. The base may be an inorganic 
salt such as anhydrous potassium carbonate, a tertiary amine such as triethylamine, or excess reactant amine. 
In cases wherein either R 5 or R 6 is H, it may be advantageous to use a protected amine of formula R 5 NHP or 
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10 



The above ketones of general formula (IA): 



15 



20 



25 




(IA) 



R^q-Cjalkylene) 



wherein R 1 « is either H or NR 5 R 6 and Ri R2 R3 ps c fi 



30 



35 



40 



45 




(IB) 



R 10 (C r C3 alkylene) 



the intermediate chloromethyl der^e of TnlZ^l "T te I" PeratlJre t0 about 120 °C to provide 



50 



55 




("I) 
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The above chloromethyl derivatives (III), wherein R 1 . R 2 and R 3 are as previously defined, are valuable 
intermediates in the synthesis of further compounds of formula (I). For example, treatment of (III) with C 2 - or 
C 3 - alkanol in the presence of about one equivalent of an alkali metal, preferably sodium, at about room tem- 
perature, affords the corresponding C 2 - or C 3 -alkoxy methyl derivatives respectively. Similarly, when a C 2 - or 

5 C 3 -diol is employed, the analogous hydroxy (C 2 - or C 3 -alkoxy)methyl compounds are obtained. The latter may 
be further transformed by activation of the terminal hydroxy group, e.g. by conventional mesylation using about 
a 1 0% excess of mesyl chloride, in pyridine as solvent, at from about 0°C to about room temperature, followed 
by reaction of the mesylate with, for example, an amine of formula R 6 R 6 NH. Preferably the reaction is conducted 
with up to a 5-fold excess of amine in a suitable solvent, e.g. acetonitrile, at the reflux temperature of the reaction 

10 medium. As discussed above, when either R 5 or R 8 is H or both are H, an amine protection-de protection strategy 
may be profitably employed. Thus are provided compounds of formula (I) wherein R 4 is (C 2 -C 3 )alkoxymethyl 
optionally substituted with either OH or NR 5 R 6 , and R\ R 2 , R 3 , R 5 and R 6 are as previously defined. 

The higher homologues of the above compounds, i.e. those compounds of formula (I) wherein R 4 is (C 2 - 
C 3 )alkoxyethyl optionally substituted with either OH or NR 6 R 6 , may be synthesised by similar procedures from 

15 the 2-chloroethyl, 2-bromoethyl or 2-mesyloxyethyl analogues of (III) which, in turn, are derivable from the cor- 
responding 2-hydroxyethyl precursor by standard procedures. This precursor may be prepared for example 
from a compound of formula (I), wherein R 4 is bromo and R 1 , R 2 and R 3 are as previously defined (formula 
(IV)), by lithium-brbmine exchange using n- butyl lithium, followed by reaction of the aryllithium intermediate 
(vide infra) with ethylene oxide. 

20 



O R1 



25 




The chloromethyl intermediates of formula (III) may also be used for the preparation of compounds of for- 
mula (I), wherein R 4 is CH 2 NR 5 R 6 and R 1 , R 2 , R 3 , R 5 and R 6 are as previously defined, by reaction with the 
appropriate amine of formula R 5 R 6 NH (or protected version thereof - vide supra) . Preferably the reaction is car- 
35 ried out with about a 3-fold excess of amine in a suitable solvent, e.g. 2-butanone, at from about 0°C to the 
reflux temperature of the reaction medium. By analogy, compounds of formula (I) wherein R 4 is (C 2 -C 4 alky- 
lene)NR 5 R 6 may be conveniently obtained from the appropriate chloro, bromo, or mesyloxy precursor which, 
in turn, is derivable from the corresponding alcohol (see above for a synthetic approach to the 2-hydroxyethyl 
analogue). The 3-hydroxypropyl and 4-hydroxybutyl analogues may be prepared by catalytic hydrogenation of 
40 the alkenols obtained when the above-mentioned bromo compound of formula (IV) is subjected to Heck reaction 
conditions (vide infra) with allyl alcohol or 3-buten-1-ol respectively. 

The chloromethyl intermediates may further be employed to furnish the corresponding methyl derivatives, 
i.e. compounds of formula (I) wherein R 4 is CH 3 and R 1 , R 2 and R 3 are as previously defined. This can be ach- 
ieved by catalytic hydrogenation using a palladium on charcoal catalyst, in a suitable solvent such as ethyl acet- 
45 ate, at about 50 p.s.i. (3.45 bar) and room temperature. By analogy, when R 4 is ethyl, n-propyl or n-butyl, such 
compounds of formula (I) may also be obtained from the corresponding alkyl chlorides derived, in turn, from 
the appropriate alcohols mentioned above by standard methodology. Other alcohol derivatives, e.g. the corre- 
sponding bromide or mesylate, may also be used. 

The above bromo derivatives (IV), which are valuable intermediates in the synthesis of yet further corn- 
so pounds of formula (I), may be prepared from a compound of formula (II) by direct bromination in a suitable sol- 
vent. This may be achieved, for example, either with about a 60% excess of N-bromosuccinimide in dimethyl- 
formamide at room temperature or with a similar excess of bromine in glacial acetic acid at from about room 
temperature to about 100°C. Alternatively, (IV) and the corresponding fluoro, chloro and iodo analogues may 
be obtained from the primary amine (vide infra) via classical sequential diazotisation-halogenation procedures 
55 including, for example, the Schiemann, Sandmeyer and Gatterman reactions. 

By exploitation of Heck methodology, the bromo intermediate (IV) can be transformed to compounds of 
formula (I), wherein R 4 is CH=CHCN, CH=CHCONR5R« or CH=CHC0 2 R 7 and R\ R 2 , R 3 , R 6 , R« and R 7 are 
as previously defined, by employment of acrylonitrile or the appropriate acrylic acid amide or ester derivative. 
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fSEs~ 

using dtae.h,,,™™^. J to p^ilX^arXm^S^rrbf.^'*^; '* 
Compounds of formula (I), wherein R 4 is NHS0 2 NR 5 R« or NHS0 2 R 8 and R 1 R* R3 rs « anHBfo 
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R\ R 2 and R 3 are as previously defined, and either the required sulphamoyl halide or a!kylsulphonyi halide (pre- 
ferably the chlorides) of formula R 5 R 6 NS0 2 halo or R 8 S0 2 halo respectively, in the presence of excess tertiary 

" amine such as triethylamine or pyridine to scavenge the acid by-product, in a suitable solvent, e.g. dichloro- 
methane, at from about 0°C to about room temperature. Pyridine may conveniently function as both base and 

5 solvent when desired, and the reaction may be optionally catalysed', by the addition of about 0.1. to .0.2 equiv- 
alents of a 4-t-aminopyridine such as 4-dimethylaminopyridine. When both R 5 and R 8 are H, the desired product 
may also be obtained by reaction of the primary amine with sulphamide in a suitable solvent, e.g. 1,4-dioxan, 
at about i00°C. ' 

When, in transformations of compounds of formula (II) to compounds of formula (I), R 3 is a group suscept- 

10 ible to reaction or removal under the particular conditions employed'to introduce R 4 , said R 3 group may itself 
be introduced at the final stage of the synthesis. Thus a phenol of formula (II), wherein R 3 is H, and R 1 and R 2 
. ar4 as previously defined, which is obtainable for example by Pd°-mediated deprotection of the O-allyl analo- 
gue, i.e. a compound of formula (II) wherein R 3 is allyl, and R 1 and R 2 ?re as previously defined, serves as the 
substrate for the subsequent reactions involved in introducing the various R 4 substituents. A final O-alkylation 

15 of the phenolic group is then necessary to furnish a compound of formula (I), wherein R 1 , R 2 , R 3 and R 4 are 
as previously defined. This may be achieved under standard conditions using the appropriate alkyl chloride, 
bromide or sulphonate in the presence of a base such as anhydrous potassium carbonate, in a suitable solvent, 
e.g. 2-butanone, at the reflux temperature of the reaction mixture. Alternatively, the alkylation may be effected 
under typical Mitsunobu reaction conditions. 

20 A compound of formula (II) may be prepared from a compound of formula (V): 



25 



3b 



H 2 NOC^ 





;(vi) 



wherein R\ R 2 and R 3 are as previously defined, by the application of known cyclisation methods for pyrimi- 
dinone ring formation. Thus, for example, the cyclisation may be effected by the treatment of (V) with a base 

35 such as sodium hydroxide or potassium carbonate, optionally in the presence of hydrogen peroxide, in an etha- 
nol-water medium at reflux temperature. Under these conditions the related nitrile of formula (VI), wherein R\ 
R 2 and R 3 are as previously defined, may also be employed as the precursor to (IV). 

In an alternative cyclisation procedure, compounds of the formula (II) may be obtained by treatment of (V) 
with polyphosphoric acid at about 140°C. 

40 Compounds of formulae (V) and (VI) may be prepared from compounds of formulae (VII) and (VIII) respec- 

tively: 



45 



50 



H 2 NOC 





(VII) 



(VIII) 



wherein R 1 and R 2 are as previously defined, by reaction with a compound of formula (IX): 



55 
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COY (IX) 



wherein R3 and' Y are as previously defined. 

The reaction is generally carried out using an excess of (IX) in the presence of an excess of a tertiarv ami™ 

s s u u c c a a : rsss: act a ; scaven9er for theacid by - prodict < hy >- ^ zs^ss 

pelre ^ PV ' " *" ' S °' Vent SUCh 38 dichlora ^hane at from about 0°C to room .em- 

Compounds of formula (I) may be obtained more directly from a compound of formula (X): 




COY 



(X) 



poonds of (o, mu a (I). when avalabl . „„ sub8e , u . C nay S^J^lSta otS IX 

R» is hydrogen, using appropriate standard synthetic procedures precursor wnerein 

m.i'" 0,OSte ' ,CM ' eS 01 * e C< ™ P '" ,ndS " presenl ■"""*» «« **n*«l b, the following „„ 
Phosphodiesterase activity 

^^r^.? 8 f ° r ° GMP a " d CAMP PDES are assessed bv determination of their IC* values (the 
concen^abon of mh.b.tor required for 50% inhibition of enzyme activity). The PDE enzymes areTsZed f om 

? h is t , and / at ^ ney> essentia,,y by the meth ° d ° f w - j - Th °^n - *■ sr;r t 

lt*l?< " (? a/CAM )- inde Pe" d ent cGMP PDE and the cGMP-inhibled cAMP PDE enzymes are 

Smp php TJ « 1 ate,etS WhHStl ° f tHe f ° Ur mai ° r PDE enz * mes of *. rat kidney, the cJclZlpe^Z 
SomoLn a i?M m a ' S , ' S0,ated - ^ ^ Perf0fmed USi "9 3 modification °< *• "batch" ^e^od of W J 
Thompson and M.M. Appleman (Biochem. ,1 9 79, 18, 5228). Results from mese tests show that the^mpounds 
of the present invenhon are potent and selective inhibitors of both cGMP PDEs. 0Wtnatthe «™P°"n°s 

Platelet anti-aggregatory activity 

This is assessed by the determination of a compound's ability to inhibit p'atelet aggregation in vitro induced 

8 
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by platelet activating factor (PAF), and to potentiate the platelet antiaggregatory action in vitro of activators of 
guanylate cyclase such as nitroprusside and EDRR Washed platelets are prepared essentially by the method 
of J.F. Mustard et a[. (Methods in Enzymol., 1989, 169 , 3) and aggregation is determined using standard tur- 
bidjmetric techniques as described by G.V.R. Born, (J. Physiol. (Lond), 1962, 162, 67P). 

5 t 

Antihypertensive activity 

This is assessed following intravenous or oral administration of a compound to spontaneously hypertensive 
rats. Blood pressure is recorded via a cannula implanted in the carotid artery of either conscious or anaesthe- 

10 tised animals. 1 

For administration to man in the curative or prophylactic treatment of angina, hypertension or congestive 
, heart failure, oral dosages of the compounds will generally be in the range of from 4-800 mg daily for an average 
adult patient (70 kg). Thus for a typical adult patient, individual tablets or capsules contain from 2-400 mg of 
active compound, in a suitable pharmaceutical^ acceptable vehicle or carrier, for administration in single or 

15 multiple doses, once or several times per day. Dosages for intravenous, buccal or sublingual administration 
wilt typically be within the range of from 1-400 mg per single dose as required. In practice the physician will 
determine the actual dosing regimen which will be most suitable for an individual patient* and it will vary with, 
the age, weight and response of the particular patient. The above dosages are exemplary of the average case 
but there can be individual instances in which higher or lower dosage ranges may be merited, and such are 

20 within the scope of this invention. 

For human use, the compounds of formula (I) can be administered alone, but will generally be administered 
in admixture with a pharmaceutical carrier selected with regard to the intended route of administration and stan- 
dard pharmaceutical practice. For example, they may be administered orally, buccally or sublingualis in the 
form of tablets containing excipients such as starch or lactose, or in capsules or ovules either alone or in ad- 

25 mixtures with excipients, or in the form of elixirs or suspensions containing flavouring pr colouring agents. The 
compounds may also be injected parenterally, for example intravenously, intramuscularly, subcutaneously or 
' 'ihtracoronarily: For parenteral administration, they are best used in the form of a sterile aqueous solution which * 
may contain other substances, for example salts, or monosaccharides such as mannitol or glucose, to make 
the solution isotonic with blood. 

3ti Thus the invention provides a pharmaceutical composition comprising a compound of formula (l)» dr a phar- 

maceutical^ acceptable salt thereof, together with a pharmaceutical^ acceptable diluent or carrier. 

The invention also provides a compound of formula (I), or a pharmaceutical^ acceptable salt thereof, or 
a pharmaceutical composition containing either entity, for use in medicine. 

The invention further provides the use of a compound of formula (I), or a pharmaceutical^ acceptable salt 

35 thereof, or a pharmaceutical composition containing either entity, for the manufacture of a medicament for the 
treatment of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary hypertension, conges- 
tive heart failure, atherosclerosis, stroke, peripheral vascular disease, conditions of reduced blood vessel pa- 
tency e.g. post-PTCA, chronic asthma, bronchitis, allergic asthma, allergic rhinitis, glaucoma, or diseases char- 
acterised by disorders of gut motility, e.g. IBS. 

40 In a further aspect, the invention provides a method of treating or preventing stable, unstable and variant 

(Prinzmetal) angina, hypertension, pulmonary hypertension, congestive heart failure, atherosclerosis, stroke, 
peripheral vascular disease, conditions of reduced blood vessel patency e.g. post-PTCA, chronic asthma, bron- 
chitis, allergic asthma, allergic rhinitis, glaucoma, or diseases characterised by disorders of gut motility, e.g. 
IBS, in a mammal (including a human being), which comprises administering to said mammal a therapeutically 

45 effective amount of a compound of formula (I), or a pharmaceutical^ acceptable salt thereof, or a pharma- 
ceutical composition containing either entity. 

The invention also includes any novel intermediates of formulae (II), (III) and (IV) disclosed herein. 
The syntheses of the compounds of the invention and of the intermediates for use therein are illustrated 
by the following Examples and Preparations. The purity of the compounds was routinely monitored by thin layer 

so chromatography (TLC) using Merck Kieselgel 60 F 254 plates. 1 H-Nuclear magnetic resonance spectra were re- 
corded using either a Nicolet QE-300 or a Bruker AC-300 spectrometer and were in all cases consistent with 
the proposed structures. 

EXAMPLE 1 

55 

5-(2-Ethoxy-5-piperidinoacetylphenyl)-1-methy^ 



Piperidine (0.22 ml, 0.0022 mol) was added to a stirred suspension of 5-(5-bromoacetyl-2-ethoxypheny1)- 
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1-methyl-3-n-propyl-1,6-dihydr(>7H-pyra2olo[4,3- d]p y rimidin-7-one (Preparation 8, 0.95 g. 0.0022 mol) and 
anhydrous potass,um carbonate (0.6 g, 0.0044 mo.) in acetonitrile (50 ml) at room temperature. AfterTsW* 
the m lx ture was evaporated under vacuum, the residue dissolved in water (50 ml) and the solution extracted 

r N tso? a a „d e w (3 ; 3 ,° •? The or9anic extracts were combined - — - ^ * » ^ns 

. Ti! unde : vacuum - The resulti "9 yellow solid was chromatographed on silica ge 12 g) 

£oTn C 66^ Th 90* EE'? " ™ ( °' 27 9 ' 28% >« ^ 

hound. C.66.13, H.6.90, N.15.95. C^H^NsOj requires C.65.88; H.7.14; N,16.01%. 

EXAMPLES 2-8 ' . ' 

The following Examples were prepared by the procedure of Example 1 using the appropriate amine. 

O CH, 

CH 3 CH 2 0 HN 



R 5 R 6 N 




CH 2 CH 2 CH 3 
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EXAMPLE 9 

» 

5-{2-Ethoxy-5-[1-hydroxy-2-(1-piperazinyl)ethyl]pheny^^ 
d]pyrimidin-7-one 

5 

Sodium borohydride (0.01 g, 0.0027 mol) was added to a stirred suspension of 5-[2-ethoxy-5-(1- 
piperazinylacetyl)phenyl]-1-methyl-3-n-prop (0.12 g, 0.0027 

mol) in ethanol (10 ml) and the resulting solution' stir red at room temperature for 18 hours. The solvent was 
removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium carbonate solu- 
10 tion (50 ml) and this mixture extracted with dichloromethane (3 x 20 ml). The organic extracts were combined, 
dried (Na 2 SOi) and evaporated under vacuum to give an oil. Trituration with ether gave a white solid, crystal- 
. lis4tion of which from ethyl acetate- hexane gave the title compound as a white powder (0.050 g, 42%), m.p. 
139-140°C. Found: C.62.55; H.7.44; N,18.79. ^32^63 requires C,62.71; H.7.32; N,19.08%. 

15 EXAMPLES 10-13 

The following Examples were prepared by the procedure of Example 9 using the appropriate ketones (Ex- 
amples 3, 4, 5 and 1 respectively). ♦ 



20 
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EXAMPLE 14 * ■..'*' 

1-Methyl-5-(5-morpfrolinoacetyl-2-n^ 
one 

5 

This compound was prepared from morpholine and 5-(5-bromoacetyl-2-n-propoxyphenyl)-1-methyl-3-n- 
propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimdin-7-one (Preparation 11), following the procedure of Example 1, 
and was obtained as white crystals (47%), m.p. 128-129°C. Found: C,63.62; H,7.07; N.15.53. C 24 H 31 N 5 0 4 re- 
quires C.63.56; H,6.89; N,15.44%. 
w ' 
EXAMPLE 15 

1-Methyl-5-[5-(4-methyl-1-piperazinylacetyl)-2-n-pro^ 
d]pyrimidin-7-one 

15 

This compound was prepared from 4-methylpiperazine and 5-(5-bromoacetyl-2-n-propoxyphenyl)-1-me- 
thyl-3 r n-propyM,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7^one (Preparation 11), following the procedure of Ex- 
ample 1, and was obtained as a white solid (27%), m.p. 124-125 6 C. Found: C.63.96; H.7.19; N, 17.80. 
C 25 H34N 6 03 requires C,64.36; H,7.34; N,18.01%. 

20 

EXAMPLE 16 

5-[5-(1-Hydroxy-2-morpholinoethyl)-2-n-propoxyphenyl]-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- 
d]pyrimidin-7-one 

25 "' 

This compound was prepared from 1-methyl-5-(5-morpholinoacetyl-2-n-propoxyphenyl)-3-n-propyl-1,6- 
dihydro-7H-pyrazolO[4,3-d]pyrimidin-7-one, following the'procedure of Example 9, and was obtained as a' white 
solid (28%), m.p. 104-105°q. Found: C,62.90; H,7.50; N.15.48., C 24 H33N 5 0 4 requires C,63.28; H,7.30; 
N,15.37%. 

30 • * 

EXAMPLE 17 

5-(5-Acetyl-2-ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7l-l-pyrazolo[4,3'd]pyrimidin-7-one 

35 The title compound was prepared from 4-(5-acetyl-2-ethoxybenzamido)-1-methyl-3-n-propylpyrazole-5- 

carboxamide (Preparation 15), following the procedure of Preparation 7, and was obtained as a white solid 
(77%), m.p. 1 96-1 98°C. Found: C.64.35; H.6.16; N.15.85. C^R^Oi requires C,64.39; H.6.26; N,15.81%. 

EXAMPLE 18 

40 

5-(5-Bromo-2-n-propoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one 

N-Bromosuccinimide (2.6 g, 0.016 mol) in dimethylformamide (40 ml) was added dropwise to a stirred sol- 
ution of 5-(2-n-propoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (Prepara- 

45 tion 10, 4.0 g, 0.010 mol) in dimethylformamide (40 ml) at room temperature. After 7 hours the solvent was 
removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium carbonate solu- 
tion, and the resulting solution extracted with ethyl acetate (3 x 50 ml). The organic extracts were combined, 
dried (Na 2 S0 4 ) and evaporated under vacuum. Trituration of the residue with ether, followed by crystallisation 
from ethyl acetate-hexane, gave the title compound as white crystals (3.39 g, 68%), m.p. 117-118°C. Found: 

50 C.53.15; H,5.03; N.13.78. C 18 H 21 BrN 4 0 2 requires 0,53.34; H.5.22; N,13.82%. 

EXAMPLE 19 

(E)-3-(1-Methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-5-yl)-4-n-propoxycinnamic acid t- 
55 butyl ester 

To a solution of 5-(5-bromo-2-n-propoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyri- 
midin-7-one (1.0 g, 0.0025 mol) and triethylamine (0.38 g, 0.0038 mol) in acetonitrile (2 ml), was added palla- 
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0 S JS^IS 8, I 1 »°*W°+**«>™ g, 0.00Q25 mo.) and t-buty. acrylate (0.48 g, 
Z 1' ?h 6 W3S heated underref,uxfor4 then cooled and evaporated under vacuum The 
rescue was suspended ,n water (30 ml) and extraction with dichloromethane (3 x 20 ml) effected. The oTganic 
extracte were comb.ned, dried (Na 2 S0 4 ) and evaporated under vacuu/n to give a yellow-green sol* Chroma 
tography on s : hca ge. (12 g). using a methanol in dichloromethane e.Ion gradient (0-2% ZZ noO SlZd 
Methyl a C eta«e-hexane gave the title compound as a white solid (0.65 g. 58%). mp^- 
168 C. Found: C.66.47; H.7.00; N.12.31. C^N.O, requires C.66.35; H.7.13; N.12 38% 



EXAMPL E 20 

: i 
i 



(E)-3-(1-Meth y l-7-oxo-3.n W ^ 

7 ll N ^ qUe ° US . f* U 2 l L ydr ° Xide S °' Uti0n (228 ml ' 00046 mol > was added to « solution of (EWI-mrthrf- 
ol^oa^ acid t-buty. esteT^O 

g. 0.00088 mol) ,n methanol (2.3 ml) and the mixture was heated under reflux for 18 hours The methanol was 

hTacelTxTS The 6 !""" 1 ; *" ^ < 25 ™* "» ^ «d Z 

etnyl acetate (4 x 15 ml). The aqueous layer was separated, acidified to pH 1 with hydrochloric acid and then 

dtd (n s^ZTJZT* and ethy1 acetate (3:97, 4 x 20 m,) - ?he ^ 

™ f 4) andevaporated under vac "^. «hen the residue crystallised from ethyl acetate to give the title 
compound as a whrte solid (0.27 g, 77'/.), m.p. 229: 2 30°C. Found: C.63.64; H 5 98- N 14 14 C N 7 
quires C.63.46; H.6.34; N.14.10%. n.14.14. U 21 H 26 N 4 0 4 re- 

1 

EXAMPLE 21 

5-(5(Bromo.2.ethoxyphenyl)-1- me th y l-3-n.propyl-1,6.dihvdro.7H-pyra Z olof4.3-dlDvrimidin-7- n n. 

• • n Jt'T,"! £"? ?' ° u ° 058 m °° W3S added dropwise t0 a stirred solutto " of 5-(2-ethoxyphenyl)-1-methvl-3- 

a;£(^ (Preparati0n 7 ' 1 - 1 «. 000352 1.) nglLTafacetl 

unlflT ); Th * m,xture " as st,rred at 1 00°C for 6.5 hours and the 'solvent was then removed by evaporation 
under vacuum The res.due was dissolved in a 9:1 mixture of methanol in dichlcomethane (50 mlT anbSe 

i < m t , 1 ( ? 4) " d evaporated under vacuum. The residue was chromatograpned on silica gel 
( 5 g) eluting w,th a mixture of methanol and dichlqromethane (1 :99) to give, after crystallisation from TJZ 
mtnle, the title compound (0.62 g. 450/.), m .p. 157-159°C. Found: C.52 41 H 52*NU0 C H Z 
quires C.52.18; H.4.89; N.14.32%. N.14.01. C 17 H 19 BrN 4 0 2 re- 

EXAMPLE 22 

l?etter°^' 3 ' (1 " metM " 7 '° X ^^ n " PrOPV1 ' 1 ■ 6 - dihvd ^ 7H - pwazo W .3-dlPvrimidi^5- vl ^innamic acid t-bu- 

X mtt ^t'!^ f °" OWin9 the pr0Cedure of Examp,e 19 and was stained as a white crysSLe 
N^lili m F ° Und: C,65 83: H ' 6 - 90: N ' 12 " 75 - re « uires C.65 897S68; 

EXAMPLE 23 

(E)-4.Ethoxy.3-(1.me m y1.7.oxo-3-n.propyl-1, 6 ^ihydro-7H-Dv r a Z olof4,3-dl P vrimidin-5-yl)cinnamicacid 

zoJflT '^TTJT Prepar6d tam < E )- 4 - ethox y-3-(1-^thyl-7-oxo-3-n- P ro P y|.1,6-dihydn>7H- P yra- 
zolo[4 3-d]pyr l m I d.n-5-yl)c.nnamic acid t-butyl ester following the procedure of Example 20 and was obtaTd 

H,sT^ mi mp - 234 - 236 ° c - Found: c - 6301; H - 559: *«* c^SESSK 
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EXAMPLE 24 ' 

3-[4-Ethoxy-3-(1-methyl-7 r oxo-3-n-pro^ 
acid 

5 

A solution of (E)-4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pyra20lo[4,3-d]pyrimidin-5- 
yl)cinnamic acid (0.426 g, 0.0011 mol) in a mixture of methanol (28.5 ml), ethyl acetate (100 ml) and water (1.5 
ml), was stirred with 5% palladium on charcoal catalyst (0.05 g) under a hydrogen atmosphere at room tem- 
perature and pressure for 3 hours. The catalyst was removed by filtration and the solvent removed by evapor- 
10 ation under vacuum. Crystallisation of the residue from ethyl acetate-hexane gave the title compound as beige 
crystals (0.23 g, 54%), m.p. 165-167°C. Found: C62.24; H,6.17; N,14.09. C20H24N4O4 requires C, 62.39; H,6.33; 
N, 14.41%. 

EXAMPLE 25 

15 

(E)-4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1 t 6-dihydro>7H-pyrazolo-[4,3>d]pyrimidin-5-yl)cinnamic acid di- 
methylamide 

The title compound was prepared from N,N-dimethylacrylamide and 5-(5-bromo-2-ethoxyphenyl)-1-me- 
20 thyl-3-n-propyl-1 ,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one following the procedure of Example 1 9 and was 
obtained, following crystallisation from ethyl acetate-hexane, as colourless crystals (38%), m.p. 219-221°C. 
Found: C64.15; H,6.46; N.16.96. C^H^NgOa requires C,64.53; H,6.65; N.17.10%. 

EXAMPLE 26 

25 

3-[4-Ethoxy'3-(1'methyl-7-oxo-3-n-propyl-1,6-dihydrO'7H-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl]propanoic 
acid dimethylamide 1 1 ' 1 ' 

The title compound was prepared from (E)-4-ethoxy-3-(1-methyl-7-oxo-3-n-propyM,6-dihydro-7H-pyra- 
30 zolo[4,3-d]pyrimidin-5-yl)cinnamic acid dimethylamide following the procedure of Example 24 and, after crys- 
tallisation from ethyl acetate-hexane, was obtained as colourless crystals (74%), m.p. 155-157°C. Found: 
C.64.09; H.7.04; N, 16.71. C 22 H 29 N 5 03 requires C.64.21; H.7.10; N,17.02%. 

EXAMPLE 27 

35 , 

(E)-4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihy 

The title compound was prepared from acrylonitrile and 5-(5-bromo-2-ethoxyphenyl)-1-methy1-3-n-propyl- 
1,6-dihydro-7H-pyrazolo-[4,3-d]pyrimidin-7-one following the procedure of Example 19 and was obtained as 
40 off-white crystals (33%). Found: C65.99; H.5.52; N,19.07. CzoH^NsC^ requires C.66.10; H f 5.82; N,19.27%. 

EXAMPLE 28 

5-[5-(3-Aminopropyl)-2-ethoxyphenyl]-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7- 

45 ^ ~ ~ ~ ' ' " ' ~ 

A solution of (E)-4-ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin- 5- 
yi)cinnamonitrile (0.25 g, 0.00064 mol) in glacial acetic acid (25 ml) was stirred with Raney nickel catalyst (25 
mg) under hydrogen at room temperature and at 50 p.s.i. for 3 hours. The resulting mixture was filtered and 
the filtrate evaporated under vacuum. The residue was partitioned between saturated aqueous sodium car- 

50 bonate solution (50 ml) and dichloromethane (30 ml), the layers separated and the aqueous phase further ex- 
tracted with dichloromethane (2 x 30 ml). The organic solutions were combined, dried (Na 2 S0 4 ) and evaporated 
under vacuum to give a brown solid, crystallisation of which from hexane-ethyl acetate gave the title compound 
as fawn crystals (96 mg, 38%), m.p. 115-117°C. Found C.65.29; H,7.35; N, 18.66. C 20 H 27 N 5 O 2 requires C,65.02; 
H.7.37; N,18.96%. 

55 
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EXAMPLE 29 

4- Ethoxy-3-(1-methyl-7-o xo-3-n -pro pv l-1,6-dihydr^7H-D V ra2olo[4,3^l P vrimidin-S-yl)ben Z oic a cid 

5- « hJnSflZ (2 ' 5 h M I?, 1 ' 0 " ' n heXan6, 153 00038 m0l) was added dr °P wise to a birred solution of 
oTo^i?^ (060 g 
S?H . ° h tetrah y drofuran < 25 ^ under a dry nrtrogen atmosphere. After 0.3 hour at -78<C 

fumnn" Z WaS l °r arni t0 ■ 40 ° C 3nd C ^ rb0n dioxide »" wa s bubbl ^ through the solutton The £ 

T^ZTl^TV 0 ^ t0 r °° m ' emperatUre 3nd the " P °^ d int0 water = acidification to p H " 
,h!„ « I m Ik a " d eXtraCl,0n With "> 9:1 mixture of dictiloromethane and methanol (4 x 50 ml) were 

Sou2? 5h r e h ° r9an : C ^ C ° mbined - dried evapprated under vacuum to g"e a 

qSdfe t ,2 5Tmet h rr 9raPhy "!? T °" ^ ^ (2 ° 9) ' USing 3 methano ' in dich.oromethane eUn 
?50 miv hi! iTf °' T 6 3 SO " d WhiCh WaS diSS0,ved in a 9:1 mb(ture of dichloromethane and methanol 

EwiSSr 77 I W3Shed ^ SatUrat6d aque ° US SOdium solu «°" (50 ml), dried 

(MgS0 4 )and evaporated under vacuum to give the title compound as a white powder (0 144g 26%) mo 285- 
288°C. Found: C.60.74; H.5.72; N.15.61. C 18 H 20 N 4 O 4 requtes C.60.66; H.5.66; N.15 72% 

EXAMPLE 30 

I 

acid7o9t^ 

acid (0 095 g 0.00027 mol), 1-methylp.peraz.ne (0.265 g, 0.00265 mol), l-tf-dimethylaminoproovn-iethvlcar 
bodnm.de hydroch.oride (0.077 g, 0.0004 mol, and 1-hydroxybenzotriazo!e (0.054 g 0.0004 md) 

TV 31 r °° m temperatUre f0r 18 hours - The reacti0 " ^tion-was waThed w S 
„(2$ ml), dned (MgSO<) and evaporated under vacuum, and then the'resulting residue crystallised from em v 

SaT'eei N ?8 96 lh c ? N C °r und a V C0 ' 0ur,ess < 003 * 25%) > -p *£S^«2£ 

o.w.i^, H.6.81, N.18.96. C 23 H 3 oN 6 03 requires C.62.99; H.6.96; N, ! 19.16%. 
EXAMPLE 31 

5-[2-Ethoxy-5-(1-imida Z olyl)phenylH.me^^ 

7 an* TnH n f nnnt br °T 2 ; e ^ 0 ^ phen y | )- 1 - me ^y , - 3 - n -P^Py'-1.6-dihydro-7H-pyrazolo[4,3Kl]pyrimidin- 

OoSoSB ml^h ^n^f 0, n ^ 9 ' °°° 25 ^ anhydraus potassium carbonate (^77 g, 

M u m.fw^:Z P h ° n « ( °' 03 f 9 ' °-° 0057 m0l) and i0din6 <° 015 * °- 00012 ™'> in dimethylformamide 
(1 0 ml) was heated underreflux under nitragen for4.5 hours, cooled and poured into water (50 ml) This mixture 

7Jo)Zlll^TT " diChl ° romethane a " d ™*"*no. (0 x 50 ml) and the - 

? T t 6r VaCUUm t0 9iVe 3 pale brown oB - The oil wa s chromatographed on silica gel 
(20 g) elutmg wrth a m,xture of dichloromethane, methanol and triethyiamine (97.8:2:0.2), to give a yelSd 

^ iCh frDm ethyl acetate - hexa ne gave the title compound as a cream ^ aSTSS 
m.p. 193-194°C. Found: C.63.61; H.5.97; N.22.03. C^NeO, requires C.63.48; H.5.86; N 22 21% *" 



EXAMPLE 32 



n-Butyllithium (1.6 M solution in hexane, 9.6 ml, 0.0153 mol) was added to a stirred solution of 1 mothwii. 
£25 hours. A solution of anhydrous zinc chloride (2.08 g, 0.01 53 mol) in dry tetrahydrofuran\l5 ml) was added 

?0 0^ n nS ^ ]p jr; id,n : 7 - one < 10 9- 0 -0° 26 ™» ™<* tetraki S (triphenylphosphine)palladium 0) 

dro^L So "T o n? and * e mbCtUre heat6d Under ref,ux for 18 houre - A ^^a^ Quantity of anhy' 
drous z,nc chlonde (2 08 g. 0.01 53 mol) was added and the resulting mixture heated under reflux fo?a farttar 
60 hours then cooled; methanol (2 ml) was added and the solvent removed by evaporation u^de vacuum 
The res,due was heated with a solution of disodium ethylenediaminetetraacetic acid dihydrate (23 0 g O^eTs 
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mol) in water (100 mi) to 100°C for 0.2 hour, then the resulting solution basified to pH 8 with saturated aqueous 
sodium carbonate solution and extracted with dichloromethane (6 x 100 ml). The organic extracts were com- 
bined, dried (Na 2 S0 4 ) and evaporated under vacuum to give a yellow solid, purification of which by chroma- 
tography on silica gel (13 g), using a methanol-dichloromethane elution gradient (0-3% methanol), followed by 
5 crystallisation from ethyl acetate, gave the title compound as an off-white solid (0.542 g, 53%), m.p. 199-202°C. 
Found: C.64.45; H.6.27; N.21.56. C21H24N6O2 requires C.64.27; H.6.16; N,21.42%. 

EXAMPLE 33 ' i 

. I ■ • • ' • ' \ 

10 5-[2-Ethoxy-5^(2-pyridyl)phenyl]-1-methyl-3-nV^ 

1 The title compound was prepared from 2-bromopyridine and 5-(5-bromo-2-ethoxy phenyl)- 1-methyl-3-n- 
propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, following the procedure described in Example 32, and 
was obtained as an off-white solid (33%), m.p. 216-218°C. Found: C.67.61; H;5.81; N.17.63. C22H23N5O2 re- 
ts quires C,67 .85; H,5.95;N,17.98%. 

EXAMPLE 34 • 

1-Methyl-5-(5-moroholinomethyl-2-n-propoxyphenyl)-3-n-propyl-1 > 6-dihydro~7H-pyrazolo-[4,3-dlpyrimidin- 
20 one 

A solution of 5-(5-chloromethyl-2-n-propoxymethyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- 
d]pyrimidin-7-one (Preparation 16, 0.60 g, 0.0016 mol) in 2-butanone (10 ml) was added dropwise to a stirred 
solution of morpholine (0.42 g, 0.0048 mol) in 2-butanone (40 ml) at 0°C. The solution was then heated under 
25 reflux for 16 hours, cooled and evaporated under vacuum. The residue was suspended in water (50 ml) and 
the suspension extracted with ethyl acetate (3 x 20 ml). The organic extracts were combined, washed with brine 
"(2 * 30 ml); dried (Na 2 S0 4 ) and evaporated under vacuum. The residue Was chromatographed on silica <Jel 
(1 2 g), using an elution gradient of methanol in dichloromethane (0-2% methanol), to give an oil which solidified 
on trituration with hexane. Crystallisation from ethyl acetate-hexane gave the title compound as a colourless 
3b, solid (0\36 g, 53%), m.p. 106-107°C. Found: C.64.76; H.7.34; N,16.36. C 23 H 31 N503 requires C.64.92; H,7.34; 
' N, 16.46%. , 

EXAMPLE 35 

35 1-Methyl-5-[5-(4-methyl-1-piperazinylmefo 
d]pyrimidin-7-one 

The title compound was prepared from 5-(5-chloromethyl-2-n-propoxyphenyl)-1-methyl-3-n-propyl-1 ,6-di- 
hydro-7H-pyrazolo[4,3-d]pyrimidin-7-one and 1-methylpiperazine, following the procedure of Example 34, and 
40 was obtained as a colourless solid (36%), m.p. 149-150°C. Found: C,65.68; H,7.83; N,19.10. C24H34N6O2 re- 
quires C.65.73; H.7.81; N,19.16%. 

EXAMPLE 36 

45 1-Methyl-5-(5-methyl-2-n-propoxyphenyl)-3- 

A solution of 5-(5-chloromethyl-2-n-propoxyphenyl)-1-methyi-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- 
d]pyrimidin-7-one (0.5 g, 0.0013 mol) in ethyl acetate (50 ml) was stirred with 10% palladium on charcoal cat- 
alyst under a hydrogen atmosphere at 50 p.s.i. and room temperature. After 1 hour, the mixture was filtered 
so and the filtrate evaporated under vacuum to give a pale green solid. Chromatography on silica gel (4 g) using 
a methanol in dichloromethane elution gradient gave a white sotid, crystallisation of which from hexane-ethyl 
acetate gave the title compound as colourless needles (0.12 g, 26%), m.p. 115-116°C. Found: C,66.66; HJ.12; 
N,16.55. C 19 H24N 4 0 2 requires C.67.04; H,7.11; N,16.46%. 

55 
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EXAMPLE 37 



oZ 5 mo.) £J^^$;^£*?* 2° m ° W3S add6d S ° dium <P*t 
allowed to coo. and ^ured Swa« er fso mH thTn L ' react,on ™ ture ««• "eated at 100°C for 6 hou*. 
ml). The combined extract . ^S^WlSTlS 1 I"?? ***** acetate < 3 * 30 

was purified by chromatography * <K^™ IT* ? ""^ VaCUUm t0 pr0vide an oil which 

a-/, methanol) The so.id " dich,oromethane **» gradient (0- 

white solid ( 2 o/o), m.p. 174-175% Found 0 6^97 ^ ^ °^ nd » « 
N,15.72o/„. °- C " 63 - 97, "' 6 -66, N.15.57. C 19 H 24 N 4 0 3 requires C.64.03; H.6.79; 

EXAMPLE 38 



was then added tothe solution and Ster SdavJa^m^^ f "" 7r0ne ( °- 5 9 ' 0 0013 mol > 
undervacuum. The residua, so.idwas uspend d 

ate (3 x 30 ml). The extracts were then conL^Z^}^ ? suspension extracted with ethyl acet- 
solid. Chromatography on silica g 6g^ 
tallisation of the required product from a hexaneeth^ 

9, 39%) m.p. 89-90%. Found: CM S? hZ *7a mc TTn' ° ^ 88 ' S ° M < 02 

v.o,, n.r.or, N.14.66. C 21 H 28 N 4 0 3 requires C.65.60; H.7.34; N,14.57%. 

EXAMPLE 39 , , . 

1 ' ■ • i . .. 

EXAMPLE 40 

(a) Methanesulphonyl chloride (0.56 g, 0.0049 mol) was arfrt«rf = of ^ ■ • 
thoxymethyD^-n-prapoxyphenylJ-l-methylSn TroivM ^ h h S ° IUt '° n ° f ^^Mroxye- 

(1.8 g. 0.0045 mo.) in pyridL (25 ml) afo^ ^enS ta£2* . "W*****^?** 
by evaporation under vacuum an rhe ^ 

chloromethane (30 ml). The aquiou lave ! ^11, ! 2N h * droch,oric «*« (30 ml) and di- 

-en me organic sd Jons conS S 

Chromatography on silica gel (12 gjusinqame^ under vacuum to give a brown oi.. 

gave an o», trituration of whki ^13H!«?^T^^ fl ^^ % ^'^ 
the required mesylate as wS cr^M i mTESS^*"" hexane - eth * a ^tate, gave 
C^HaoN.OeS requires C.55.21; H 6 i 32 N li 71% ^ P ' 74 " 76 C " F ° Und: C ' 55 " 71; H ' 625 : ".11.69. 

rated aqueous sodium caZate Son anS .hT'? f Under vacuum - tne r «sidue dissolved in satu- 
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graphed on silica gel (4 g)ljsing an elution gradient of methanol in dichloromethane (0-2% methanol). Evap- 
oration under vacuum of, the appropriate fractions, followed by crystallisation from hexane, gave the title 
compound as white crystals (0.098 g, 48%), m.p. 65-66°C. Found: C,64.17; H,7.69; N, 14.96. C25H35N5O5 ' 
requires 0,6194; H,7.51;N,14.91%. 

5 

EXAMPLE 41 

5-(2-Ethoxy-5-methanesulphonamidophenyl)-1-me 
7-one 

10 • 

Methanesulphonyl chloride (0.157 g, 0.00137 mol) was added to a stirred solution of 5-(5-amino-2-ethox- 
yphenyl)-1-methyi-3-n-propyl-1 1 6-dihydro-7H-pyra2olo[4,3-d]pyrimidin-7-one (0.45 g, 0.00137 mol) in dry pyr- 
idine (30 ml) at 0°C. The mixture was stirred for 18 hours at room temperature and then evaporated under va- 
cuum. The residue was suspended in saturated aqueous sodium bicarbonate solution (50 ml) and the mixture 

15 extracted with dichloromethane (2 x 30 ml). The organic extracts were combined, washed with brine (2 x 30 
ml), dried (Na 2 S0 4 ) and evaporated under vacuum. The residue was triturated with ether, chromatographed 
on silica gel (12 g), eluting with a 98.5:1.5 mixture of dichloromethane and methanol, and the required product 
crystallised from ethyl acetate-hexane to give the title compound as a white powder (0.32 g, 58%), m.p. 205- 
206°C, Found: C,53.63; H.5.66; N,17.24. O^H^NgC^S requires 0,53.32; H,5.72; N,17.27%. 

20 

EXAMPLE 42 

5-[2-Ethoxy-5-(3-morpholinopropylsulphonamido)phenyl]-1-methyl-3 : n-propyl-1,6-dihydro-7H-pyrazolo[4,3- 
d]pyrimidin-7-one 

25 

The title compound was prepared from 5-(5-amino-2-ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H- 
pyrazolo[4,3-d]pyrirriidin-7-6ne and 3-morpholinopropylsulphonyl chloride, following the! procedure of Example 
41 , and was obtained as brown crystals (14%), m.p. 1 57-1 59°C. Found: 0,65.42; H,6.53; N,1 6.01 . C 2 4H34N 6 0 5 S 
requires C.55.58; H,6.61; N,16.21%. 

30 ' ' ' . " ' 

EXAMPLE 43 ■ 

5-[2-Ethoxy-5-(4-methyl-1-piperazinyl)sulphonamidopheny^ 
lo[4,3-d]pyrimidin-7-one 
35 , 

The title compound was prepared from 4-methyl-1-piperazinylsulphonyl chloride and 5-(5-amino-2-ethox- 
yphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimdin-7-one, following the procedure of Ex- 
ample 41, and was obtained as an orange powder (13%), m.p. 152-153°C. Found: 0,54.32; H.6.38; N,19.88. 
C 22 H3 1 N 7 0 4 S requires C.53.97; H.6.38; N,20.03%. 

40 

EXAMPLE 44 

5-[5-(4-Benzyl-1-piperazinylsulphonamidophenyl)-2-ethoxy]-1-methy1-3-n-propyl-1,6-dihydro-7H-pyrazo- 
lo[4,3-d]pyrimdin-7-one 

45 

4-Benzyl-1-piperazinylsulphonyl chloride (Preparation 19, 0.9 g, 0.0029 mol) was added to a stirred solution 
of 5-(5-amino-2-ethoxy-phenyl)-1-methyl-3-n-p^ (0.94 g, 

0.0029 mol), 4-dimethylaminopyridine (0.050 g, 0.00041 mol) and triethylamine (1 .09 g, 0.01 08 mol) in dichloro- 
methane (50 ml). The solution was stirred at room temperature for 48 hours and then evaporated under vacuum. 

so The residue was suspended in saturated aqueous sodium bicarbonate solution (50 ml) and the suspension ex- 
tracted with dichloromethane (3 x 30 ml). The organic extracts were combined, washed succesively with satu- 
rated aqueous sodium bicarbonate solution (2 x 20 ml) and brine (3 x 20 ml), dried (Na 2 S0 4 ) and evaporated 
under vacuum. The residue was chromatographed on silica gel (20 g) using a methanol in dichloromethane 
elution gradient (0-4% methanol), and the required product crystallised from ethyl acetate-hexane to give the 

55 title compound as an off-white powder (0.185 g, 11%). Found: C,58.30; H,6.20; N,16.80. C28H35N7O4S; 0.5H 2 0 
requires C58.52; H,6.31; N, 17.06%. 
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PREPARATION 1 

l-Methyl-S-n-propylpyrazole-S-carboxylic acid ethvl as t»r 

of^e^ ^ — (24."l g> 0.132 mo.) (prepared by the method 

hours. The mixture was dtesolvfd h*£^3£ ZT* ^ 9 ' 0133 m0l) Were heated for 2.5 

solution. The organic ptJ^J^JSnSS^i^H 8 ^ W3Shed ** aqUeOUS sodi ^ carbonate 
""tographyonsaic^ 

,790/.). Rf 0.8 «,ica. dLLmett m^ ^ 38 3 oil (20.4 g. 

PREPARATI ON 2 ' ' 

"T i 1 

1-Methyl-3-n-pr opylpyrazole-S-carboxvlicacid 
sodium^^ 

(50 m.) and acidified with S n^ 

brown crystals (12.3 g, 71%), m p 150-154-c Found- r ti oo u JT" ^ the aubo ^ lkl acid as P ale 
H.7.19; N,16.66%. P " C ' F ° Und - C,56 ' 99; H ' 7 - 25 = N - 169 °- C 8 H 12 N 2 0 2 requires C.57.13; 

PREPARATION 3 ■ 
1-Meth yl-4-nitro-3-n-propvl P v ra2 oie.5-carboxvlic a ciri 

'^"eatedat6 0 .Cove^ 

gave the nitropyrazole as a white solid <11 5 n wli * lof " 9 P ° ured onto ice; filtratio " then 

C 8 H„N 3 0 4 requires C.45.57; K5 loTl9 71% 9 ' %)> l124 " 127 ° C - F ° Und: C - 45 ^ N « N.19.42. 

PREPARATION 4 , . 

t 

1-Methyl-4-nitro-3-n-propvl P v ra zol e-5-carboxamide 

thiony. chloride removed by evaporaSo uSjSEJTS ^ WaS the " C00,ed and ex «*s 

thesolutioncautiously added toSlSSjSZ^ £ ^ diSS °' Ved h aC6fone < 50 ml > and ' 
(50 ml). The precipitate was collea* "y f JSS to dIw^ T^ 8 amm ° niUm 
(8.77 g, 78%), m.p. 141-143X Famd cTi h^J *«P^carboxamide as a pale yellow solid 
N,26.40%. C,49 ' 22> H ' 5 71 ; N.26.12,. C 8 H 12 N 4 0 3 requires C.45.28; H.5.70; 

PREPARATION 5 

4-Amino-1-methyl-3-n-propvlDvr a z oie.5-carboxamidA 

soiution was cooled to room tempe^^* 8 ^'TlS*' I - *" ** 2 ^ The resu,Bno 
solution and extracted with dichloLethane (3 xTso I t^" rt ' 0n ° f 2N aque0US sodium hvdroxid e 

and evaporated under vacuum. ZraJo o Fli J^^T" C ° mbined ' dried < M 9 S °<) 

-lid (2.77 g, 94-/.), m.p; 98-101^ Found tStVZj* ^£1 ? r'" 0 ^ as a " «™» 
N,30.75%. n,M51 » N ' 30 - 3 8- C 8 H u N 4 0 requires C.52.73; H.7.74; 
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PREPARATION 6 

4>(2-Ethoxybenzamido)-1-rnethyl-3-n-propylpyrazole-5'Carboxami(^ i 

5 Asolution of 2-ethoxybenzoyl chloride (6.1 g, 33.0 mmol) in dichloromethane (50 ml) was added to a stirred 

solution of 4-amino-1-methyl-3-n-propylpyrazole-5-carboxamide (3.0 g, 16.4 mmol), 4-dimethylaminopyridine 
(0.02 g, 0.164 mmol) and triethylamine (3.34 g, 33.0 mmol) in dichloromethane* (50 ml) at 0°C. The resulting 
mixture was allowed to warm to room temperature 'and stirred for a further 2 hours. The solvent was evaporated 
under vacuum), the residue dissolved in a 19:1 mixture of dichloromethane and methanol (250 ml), and then 

10 the solution washed with 1N hydrochloric acid (100 ml), dried (MgS0 4 ) and evaporated under vacuum. The 
crude material was chromatographed on silica gel (200 g), eluting with a 97:3 mixture of dichloromethane and 
. methanol, to give a pink solid; crystallisation from ethyl acetate-hexane gave the pyrazole-5-carboxamide as 
a pale pink solid (2.2 g, 40%), m.p. 1 53-1 55°C. Found: C,61 .66; H,6:77; N,1 6.95. C 17 H22N 4 03 requires C,61 .80; 
H,6.71; N,16.96%. 

15 

PREPARATION 7 

i 

5-(2-Ethoxyphenyl)-1-methyU3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one ♦ 

20 4-(2-Ethoxybenzamido)-1-methyl-3-n-propylpyrazole-5-carboxamide (223 g, 0.676 mol) was added por- 

tionwise to a solution of sodium hydroxide (54 g, 1.35 mol) and 30% hydrogen peroxide solution (224 ml) in 
water (2000 ml). Ethanol (700 ml) was added and the resulting mixture heated under reflux for 2.5 hours, cooled, 
then evaporated under vacuum. The resulting solid was treated with 2N hydrochloric acid (380 ml), with external 
cooling, and the mixture was extracted with dichloromethane (1 x 700 ml, 3 x 200 ml). The combined organic 

25 extracts were washed successively with saturated aqueous sodium carbonate solution (3 x 400 ml) and brine 
(300 ml), then dried (Na 2 S0 4 ) and evaporated under vacuum. , 

'Chromatography of the residue on silica gel (1000 g), using a m&hanolin dichloromethane elution gradient ♦ 

(0-1% methanol), followed by trituration of the crude product with ether (300 ml), gave the title compound as 
a colourless solid (152.2 g, 72%), m.p. 143-146°C. Found: 0,65.56; H,6.44; N, 18.14. C 17 H2oN 4 02 requires 

3b C,65.3^; H,6:45; N,17.94%. ~ , 

PREPARATION 8 

5-(5-Bromoacetyl-2-ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4 > 3-d]pyrimidin-7'One 

35 . 

Aluminium trichloride (12.8 g, 0.096 mol) was added portionwise over 1 hour to a stirred solution of 5-(2- 
ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (10.0 g, 0.032 mol) and 
bromoacetyl bromide (5.6 ml, 0.064 mol) in dichloromethane (150 ml) at 0°C. After 18 hours at room temper- 
ature, the reaction mixture was poured into ice and water (400 g) and the resulting mixture stirred vigorously. 

40 The organic phase was separated and the aqueous phase further extracted with dichloromethane (2 x 100 ml). 
The organic solutions were combined, dried (Na 2 S0 4 ) and evaporated under vacuum to give an off-white solid, 
trituration of which from ether gave the title compound as a white solid (10.87 g, 78%), m.p. 159-160°C. Found: 
C.52.54; H,4.88; N,12.78. C 19 H 21 BrN 4 0 3 requires C,52.67; H,4,88; N,12.93%. 

45 PREPARATION 9 

1-Methyl-4-(2-n-propoxybenzamido)-3-n-propylpyrazole-5-carboxamide 

This amide was prepared from 2-n-propoxybenzoyl chloride following the procedure described in Prepa- 
50 ration 6 and was obtained as a pink solid (63%), m.p. 1 48-149°C. Found: 0,62.97; H,7.00; N.16.29. C 18 H24N 4 0 3 
requires 0,62.77; H.7.02; N,16.27%. 

PREPARATION 10 

55 1-Methyl-5-(2-n-propoxyphenyl)-3-n-propyM 

1-Methyl-4-(2-n-propoxybenzamido)-3-n-propylpyrazole-5-carboxamide (0.34 g, 0.99 mmol) was added to 
a stirred mixture of 30% hydrogen peroxide solution (1 .0 ml), potassium carbonate (0.54 g, 3.92 mmol), water 
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(10 ml) and ethanol (5 ml). The mixture was heated under reflux for 38 hnur. 

cuum. The residue was suspended in water (20 ml) ZnZT " d the " eva P° rat ^ under va- 

and extracted with dich,«ane ^ "* ?N acid 

under vacuum. The.resulting .residue was chTLatoora^ed oT^T T (N * 80 < ) 6Vaporated 
5 methane elution gradient (0-1% methanol) toTiTnV ? 96 ' (6 9)> US, ' ng a me,hano ' in ^ro- 

required product as a white solid £5lw5 m p 1 11 CcTl nit" ° f WhiCh °™ the 

requires C.66.23; H.6.80; N.17.17%. Found: C.66.26; H.6.92; N.17.15. C^H^N^ 

PREPARATION 11 

o ^~ • t 

» cat, chloride (2.5 ml, 0S303 mo„^ch"o 22^'^^^° 9 ' ° ° 153 ^ ^ 2 ^ 
warm to room temperature/stirred for 18 hours heated unto, iff , J? reaCt '° n mb(tUre Was allowed to 
ice and water (100 g). The resulting mixture was s^e for 1 Z ? I J"" "* added «° 
ml). The combined organic extracts were ILZSSS I Z t With dichlo ™*nane (2 x 50 

vacuum to gh,e ad off-white solid, whi h wa Ira ed 2 1 ^ ^ (Na2SO<) ' then evaporated ^ 
(4.1 g, 60%). A smail sample was crysta.lTsed fror^ TwTce^T "* ^ C ° mp ° Und as a whi * solid 
137°C. Found: C.53.82; H.5.24- N 12 57 C h Tm n aCetate T hexane to 9ive the pure product, m.p. 136- 

n,iz.s7. C 20 H 23 BrN 4 O 3 requires C.53.70; H.5.18; N,12.52%. 

PREPARATION 12 

5-Acetyl-2-eth oxyben 2 oic acid methyl ester 

resuming mature heated under reflux for 3 dayT. £S£ ^11? (200 m.) ahd the 
the residue partitioned between water (100 mO and a££Z Z 5 eVaPOraB ° n Undar V3CUUm and 
and extracted with further ethyl acetate (4 x 100 ml! ihZZnl ■ °' THe aqUe ° US phase was rem °ved 
and evaporated under vacuum The residue was r7rn^ l ' 0nS W6re COmbined ' dried (Na 2 S0 4 ) 

dichloromethane e.ution gradLl t £l J meZo. ^SEK" - °" *" * (13 ° 9) ' 3 methano ' " 
89%), m.p. 50-55°C. Found: C.64 88" H 6 38 C H O ™ W « «"*™«« a * colourless crystals (10.15 g, 

o.oh.oo, n.o.ja. o 12 H 14 0 4 requires C.64.85; H,6.35%. 

PREPARATION 13 , • 
5-Acetyl-2-ethoxybenzoic acid 

The solvent was removed by evaporation "unde^acuum 1 ° T 31 temperatura «* ™ hours, 
suiting solution acidified to pH 1 Jth SSSSi?^iI^-^^^ h W3ter < 100 ml > and * a re- 
ethyl acetate (4 x 100 m„ and the SSSSIJKSS so \ ^ mb " ure Was e ** acted 
suiting solid was crystal.ised from ethyl acetate TltTe ^t^ ^ 0 ^ undar VaCUum - The ^ 
m.p. 122-125°C. Found: C.63.20- H 5 81 C H n Zl trt ' e ~ m P° und as a colourless solid (5.4 g, 60%), 
w,uo.^u, n,o.t>i. u„H 12 0 4 requires C.63.45; H,5.81%. »•«""»/■ 

PREPARATION 14 
5-Acetyl-2-et hoxybenzoy l chloriria 
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PREPARATION 15 

4- (5-Acetyl-2>ethoxybenzamido)-1-methyl-3-n-propylpyrazole-5-ca»^pxamide 

5 The title compound was prepared from 5-acetyl-2-ethoxybenzqyl chloride and 4-am ino-1 -methyl- 3- n-pro- 

pylpyrazole-5-carboxamide following the procedure of Preparation 6, and was obtained as a white solid (60%), 
m.p. 225-227°C. Found: 0,61.35; H,6.25; N.15.07. C 19 H 24 N 4 0 4 requires C.61.28; H.6.50; N,15.04%. 

i , 
PREPARATIONS! 16 • ' 

10 ' ; ' ' \ 

5- (5-Chloromkhyl-2-n-propoxyphenyl)-1 -methyl 

j i 

1-Methyl-5-(2-n-propoxyphenyl)-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (0.80 g, 
0.00246 mol) was added portionwise to stirred concentrated hydrochloric acid (10 ml) at room temperature. 

15 Paraformaldehyde (0.20 g, 0.00246 mol) was then added and the resulting solution stirred at 120°C for 22 
hours. The reaction mixture was cooled and poured into ice and water (50 g), then the resulting mixture ex- 
tracted with ethyl acetate (3 x 30 ml). The organic extracts were combined, dried (Na 2 90 4 ) and evaporated 
under vacuum to give a white solid. Trituration with ether, followed by crystallisation from ethyl acetate-hexane, 
gave the title compound as colourless crystals (0.65 g, 70%), m.p. 102-1 04°C. Found: C,60,91; H,6.14; 

20 ' N,14.94. C, 9 H 23 CIN 4 0 2 requires 0,60.88; H,6.18; N,14.95%. 

PREPARATION 17 

5-(2-Ethoxy-5-nitrophenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one 

Concentrjated nitric acid (0.5 ml) was added dropwise to a stirred $olution of 5-(2-ethoxyphenyl)-1-methyl- 
, '3-h , -propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (2.0 g, 0/0064 mol) In concentrated sulphuric add . 
(10 ml) at 0°C, and the resulting orange solution was stirred at room temperature for 18 hours. The reaction 
solution was then added dropwise to stirred ice and water (200 g) and the solid precipitate collected by filtration. 
3b This so(id was then dissolved in dichloromethane (50 ml) and the solution washed successively with brine (2 
x 30 ml) and water (30 ml), dried (Na 2 S0 4 ) and evaporated under vacuum to give a yellow solid Crystallisation 
from acetonitrile gave the title compound as yellow needles (1.40 g, 61%), m.p. 214-216°C. Found: C,57.36; 
H.5.21; N,19.49. C 17 H 19 N 5 0 4 requires C.57.13; H.5^36; N,19.60%. 

35 PREPARATION 18 

5-(5-Amino-2-ethoxyphenyl)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- d]pyrimidin-7-one 

5-(2-Ethoxy-5-nitrophenyl)-1-methyl-3-n-propyl-1 T 6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (0.64 g, 
40 0.0018 mol) was dissolved in ethanol (50 ml) and the solution stirred with 5% palladium on charcoal catalyst 
(0.050 g) under hydrogen at room temperature and 50 p.s.i. pressure for 4 hours. The mixture was filtered to 
remove the catalyst, the filtrate evaporated under vacuum, and the residue triturated with ether to give the title 
compound as an off-white solid (0.56 g, 95%), m.p. 147-148°C. Found: C,62.63; H.6.60; N f 21.57. C 17 H2iN 5 02 
requires 0,62.36; H,6.47; N,21. 39%. 

45 

PREPARATION 19 

4-BenzyM-piperazinylsulphonyl chloride 

so A solution of 1-benzylpiperazine (20.0 g, 0.114 mol) in acetronitrile (45 ml) was added to a solution of sul- 
phuryl chloride (28 ml, 0.346 mol) in acetonitrile (50 ml) and the mixture heated under reflux for 1 7 hours, then 
cooled. The solvent was removed by evaporation under vacuum, then the residue triturated with ether (20 x 
50 ml) to yield the title compound (27.8 g, 89%), which was used without further purification. 

55 Biological activity 

The following Table illustrates the in vitro activities for a range of the compounds of the invention. 
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h. . TABLE 

• ' IN VITRO PT>E INHTRTTinpv niyffl. 
SELECTIVITY BFTWFRJ m ^ Mr m „, ra ^gAMj 
INDEPENDENT rOTP pp F ANn ^g-DggKT^cMg^ 



to 



75 



20 



25 



30 



35 



40 



EXAMPLE 



3 
4 
11 
14 
15 
16 
20 
25 
29 
30 
31 
32 
39 



IC 50 (nM) . | 


*E OGMP 


cAMP 


2.2 


86,000 


. 1.8 


63 , 000 


4.9 


57,000 


1.0 


57,000 


3.4 


75,000 


3.7 


53,000 


3.7 


59,000 


3.4 


84,000 


5.5 


84,000 


1.4 ■ 


58,000 


3.4 


56,000 


1.4 


38,000 


5.3 


54,000 



SELECTIVITY 
RATIO 

39,090 
35,000 
11,632 
57,000 
22,058 
14,324 
15,945 
24,705 
15,272 
'41,428 

16,470 

27,142 

10,188 



Safety profile 

doses of up to 100 mg/Kg Lv. C,ty bemg 0bserved ,n mice ' ™> **ths occurred after 



45 



Claims 

1. A compound of formula: 



50 
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or a pharmaceutical^ acceptable salt thereof, 
wherein 

R 1 is H; C1-C3 alkyl optionally substituted with one or more f luoro substituents; or C 3 -C 5 cycloalkyl; 
R 2 is H, or C^Ce alkyl optionally substituted with one or more f luoro substituents or with C 3 -C 6 cy- 
cloalkyl;' 

R 3 is C^Ce alkyl optionally substituted with one or more f luoro substituents or with C 3 -C 6 cycloalkyl; 
C3-C5 cycloalkyl; C 3 -C 6 alkenyl; or C 3 -C 6 alkynyl; 

R 4 is C r C 4 alkyl optionally substituted with OH, NR 5 R 6 ,'CN, CONR 5 R 6 or C0 2 R 7 ; C 2 -C 4 alkenyl op- 
tionally substituted with CN, CONR 5 R 6 or C0 2 R 7 ; C 2 -C 4 alkanoyl optionally substituted with NR 5 R 6 ; hy- 
droxy C 2 -C 4 alkyl optionally subtituted with NR 5 R 6 ; (C 2 -C 3 alkoxy)C r C 2 alkyl optionally substituted with 
OH or NR 5 R 6 ; CONR 5 R 6 ; C0 2 R 7 ; halo; NR 5 R 6 ; NHS0 2 NR5R 8 ;'NHS0 2 R 8 ; or phenyl or heterocyclyl either 
of which is optionally substituted with methyl; 

R 5 and R 6 are each independently H or C r C 4 alkyl, or together with the nitrogen atom to which they 
are attached form a pyrrolidinyl, piperidino, morpholino, 4-(NR 9 )-piperazinyl or imidazolyl group wherein 
said group is optionally substituted with methyl or hydroxy; 

R 7 is H or C r G 4 alkyl; 

R 8 is C r C 3 alkyl optionally substituted with NR 6 R 6 ; 

and 

R 9 is H; C r C 3 alkyl optionally substituted with phenyl; hydroxy C 2 -C 3 alkyl; or C r C 4 alkanoyl. 

A compound as claimed in claim 1 wherein R 1 is H, methyl or ethyl; R 2 is C r C 3 alkyl; R 3 is C 2 -C 3 alkyl; R 4 
is C r C 2 alkyl optionally. substituted with OH, NR 5 R 6 , CONR 5 R 6 or C02 R7 ; acetyl optionally substituted with 
NR 5 R 6 ; hydroxyethyl substituted with NR 5 R 6 ; ethoxymethyl optionally substituted with OH or NR 5 R 6 ; CH- 
=CHCN; CH=CHCONR5R6; CH=CHC0 2 R 7 ; C0 2 H; CONR5R 8 ; Br; NR 6 R 6 ; NHS0 2 NR*R 8 ; NHS0 2 R 8 ; or pyr- 
idyl or imidazolyl either of which is optionally Subtituted with methyl; R 5 and R 6 are each independently H, 
methyl or ethyl, or together with the nitrogen atom to which they are attached form a piperidino, morpholino, 
4-(NR 9 )-1-piperazinylor imidazolyl group wherein said group is optionally substituted with methyl or hy- 
droxy; R 7 is H or t-butyl; p 8 ,is methyl or CH 2 CH 2 CH 2 NR 5 R 6 ; an<J R 9 Is H, methyl, benzyl, 2- hydroxyethyl 
or acetyl. 

A compound as claimed in claim 2 wherein R 1 is methyl; R 2 is n-propyl; R 3 is ethyl or n-propyl; R 4 ( is 
CH 2 NR 5 R 6 , CH 2 OCH 2 CH 2 NR 5 R 8 , CH 2 OCH 2 CH 3 , CH 2 0CH 2 CH 2 0H, COCH 2 NR 5 R 8 , CH(0H)CH 2 NR 5 R 8 
CH=CHCON(CH 3 ) 2 , CH=CHC0 2 R 7 , C0 2 H, CONR 5 R 6 , Br, NHS0 2 NR 5 R 8 f NHS0 2 CH 2 CH 2 CH 2 NR 5 R 6 , 2- 
pyridyl, 1-imidazOlyl or 1-methyl-2-imidazolyl; R 5 and R 6 together with the nitrogen atom to which they are 
attached form a piperidino, 4-hydroxypiperidino, morpholino, 4-(NR 9 )-1-piperazinyl or 2-methyl-1- imida- 
zolyl group; R 7 is H or t-butyl; and R 9 is H, methyl, benzyl, 2-hydroxyethyl or acetyl. 

A compound as claimed in claim 3 wherein the said compound is selected from: 

5-[2-ethoxy-5-(1-methyl-2-imidazolyl)phen 
pyrimidin-7-one; 

5-[2-ethoxy-5-(4-methyl-1-piperaziny^ 
lo[4,3-d]pyrimidin-7-one; 

5-[5-(4-acetyl-1-piperazinyl)acetyl-2-ethoxyp 
[4,3-d]pyrimidin-7-one; 

5-(2-ethoxy-5-rm)rpholinoacetylphenyl)-1-^^ 
din-7-one; 

and 5-(5-morpholinoacetyl-2-n-propoxyphenyl)-1-m^ 
din-7-one, 

and pharmaceutically acceptable salts thereof. 

A pharmaceutical composition comprising a compound of formula (I), or a pharmaceutically acceptable 
salt thereof, as claimed in any one of claims 1 to 4, together with a pharmaceutically acceptable diluent 
or carrier. 

A compound of formula (I), or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition 
containing either entity, as claimed in any one of claims 1 to 5, for use in medicine. 

The use of a compound of formula (I), or a pharmaceutically acceptable salt thereof, or a pharmaceutical 
composition containing either entity, as claimed in any one of claims 1 to 5, for the manufacture of a med- 
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5S!Sr^ ~on, pulmonary 

reduced blood vessel patency chronic asthma JZS c P P ^ vascular dise ^e. conditions, of 

, dfeeases characterised' by disorder of T ' ' °< 

8 -'arh~: 9 co°S 

tions of reduced blood vessel patency ota£ZZ! ? " f Periphera ' Vascu,ar disease - «wf|. 
coma'ordiseases charactered bTdfeontTif ^ hma ;. br0nch,te ' a,ler 9 ic a ^™. allergic rhinitis, glau- 
comprises 1 administering to a a ^Z^^SSS^- (inC,Udin9 * hUMn *** 

ceutically acceptable salt thereof or ^^^ l ^ t ^ acOT ' )0,jndo,fi »'"«l«(").orapharina. 
( any one of claims 1 to 5 P^maceut.cal composition containing either entity, as claimed in 

Claims for the following Contracting States : ES, GR 

1. A process for the preparation of a compound of formula: 




(I) 



or a pharmaceutical^ acceptable salt thereof ' , , 

wherein 

X R? Is H ^£ 8lly ? b T ed ^ ° ne ° r m ° re ,,UOro -bstituents; or C 3 -C 5 cydoa.kyl- 
ctoalkyl; ' ^ "* SUbS,,tUted with one ° r "»» fluoro subslituents 

C 3 -C 5 c7^ 

«ona,,y^ 

droxy C 2 -C 4 alky, optionally suXed . £nRW c l^FTlZ**™ NRW! hy " 
OH or NR 6 R«; CONR5 R e ; c^- halo NR^ MSG ^S?S2£S M ° Pti0na " y SUbStitUt8d With 
of which is optionally substituted wj ° m *h ' * ' " »"* ° r either 

areattaTh^^^ 

said group is optina,.?^ <* ****** 9roup wherein 

R 7 isHorC r C 4 alkyl; 

R 8 is C r C 3 alkyl optionally substituted with NR 5 R 6 - 
and ' 



O R' 
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wherein R 1 , R 2 and R 3 are as previously defined in this claim, for a compound of formula (I) when R 4 is 

(A) C 2 -C 4 alkanoyl or hydroxy C2-C4 alkyl, 

with an acyl halide of formula (C r C 3 alkyl)COY wherein Y is halo, in the presence of a Lewis 
add, optionally followed by reduction of the resulting ketone to the corresponding alcohol; 

(B) C 2 -C 4 alkanoyl or hydroxy C 2 -C 4 alkyl, each substituted with NR 5 R 6 wherein R 5 and R 6 are as pre- 
viously defined in this claim, 

with a haloacyl halide of formula X(C r C 3 alkylene)COY wherein X is halo and Y is as previously 
defined in this claim, in the presence of a Lewis acid, followed by reaction of the resulting haloketone 
either vfith an amine of formula R 5 R 6 NH, optionally followed by reduction of the resulting aminoketone, 
or with a protected amine of formula R 6 I^HP, R 6 NHP or P^H 'wherein Pand P' are suitable amine pro- 
tecting groups, optionally followed by reduction of the resulting aminoketone before or after removal of 
P or P>; 

(C) C r C 4 alkyl optionally substituted with OH,NR 5 R 6 , CONR 6 p 6 or C0 2 R 7 wherein R 5 , R 6 and R 7 are 
as previously defined in this claim, or bromo, 

(i) under chloromethylation conditions, followed by subjection of the resulting chloromethyl inter- 
mediate to, respectively, 

(a) reduction, or • 

(b) reaction with an alkali metal hydroxide, or » 

(c) reaction with an amine of formula R 5 R 6 NH, or 

(d) reaction with an alkali metal cyanide and optionally converting the resulting nitrile to the cor- 
responding amide, acid or ester; or 

(ii) under aromatic bromination conditions, followed by subjection of the resulting bromo derivative 
to, respectively, 

(a) lithium-bromine exchange, followed by reaction of the aryllithium derivative with ethylene ox- 
ide to give the 2-hydroxyethyl derivative, or , 

(b) reaction will ally! alcohol, followed by catalytic hydrogenation of the alkene to give the 3-hy- 
droxypropyl derivative, or ' - * *' 

(c) reaction with 3-buten-1-ol, followed by catalytic hydrogenation of the alkene to give the 4- 
hydroxybutyl derivative, and optional conversion of any of the foregoing alcohols to the c6rre- 

^ sponding alkane, amine or nitrile by activation of their respective hydroxy groups to give the chlor- 
ide or mesylate followed by reduction, or reaction with an amine of formula R 5 R 6 NH, or reaction 
with an alkali metal cyanide, respectively, and further optional conversion of the said nitrile to 
the corresponding amide or ester; 

(D) C2-C4 alkenyl 2-substituted with CN, CONR 5 R 6 or CO z R 7 , or C 2 -C 4 alkyl 2-substituted with CN, 
CONR 5 R 6 , C0 2 R 7 or CH 2 NH 2 , wherein R 5 , R 6 and R 7 are as previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with the appropriate a, ^-unsaturated nitrile, amide or 
ester respectively, optionally followed by hydrolysis of any resulting ester, reduction of the resulting al- 
kenyl group and, in the case of the nitrile, further or concomitant reduction of the nitrile group to the 
corresponding primary amine; 

(E) Cz-C 4 alkenyl, or C r C 4 alkyl, each optionally subsituted with CN, CONR 5 R 6 or C0 2 R 7 wherein R 5 , 
R 6 and R 7 are as previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 
subjection of the aryllithium derivative to formylation, and reaction of the resulting aldehyde with the 
appropriate optionally CN-, CONR 5 R 6 - or C0 2 R 7 -substituted C r C 3 alkyl phosphonium salt or phos- 
phonate, optionally followed by hydrolysis of any resulting ester and reduction of the resulting alkenyl 
group; 

(Q(C 2 -C 3 alkoxy)C 1 -C 2 alkyl optionally substituted with OH or NR 5 R 6 wherein R 5 and R 6 are as previ- 
ously defined in this claim, 

via the chloromethyl derivative of (C) (i) above, with either 

[a a C 2 - or C3-alkanol, or 

(b}a C 2 - or C 3 -diol, optionally followed by activation of the hydroxy group to give the mesylate 
and reaction either with an amine of formula R 5 R 6 NH, or with a protected amine of formula 
R 5 NHP, R 8 NHP or P' 2 NH wherein P and P' are as previously defined in this claim; or 
(ii) via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 
reaction of the aryllithium derivative with ethylene oxide to give the 2-hydroxyethyl derivative, and 
activation of the hydroxy group and further reaction as in (i) (a) or (i) (b); 
(G) CONR 6 R 8 or C0 2 R 7 wherein R 6 , R 6 and R 7 are as previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 
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reaction of the aryllithium derivative with carbon dioxide, and conversion of a suitably activated farm 

M a conventional diazotisation-halogenation reaction sequence or 

(b2 reaction with either a sulphamoyl halide of formula RSRewQn h a i« ^, „ „ i u , , .. . 

Whalo.whereinhaloispr^ 

£1) phenyl or heterocyclyl, either of which is optionally substituted with methyl 
via the bromo derivative of (C) (ii) above, with either 

IS 

E,e and a baT heter ° CyC,e ' ,he aPPr0priate hete ™><*° in *• P-nce of Jpper-bronze. 
flowed in each case, by optiona. isolation as, or formation of, a pharmaceutical* acceptable salt of the 




(X) 



R 4 



22£S2? ^ SSaSST * ^ 38 PreViOUS ' y ^ "* 1 " - - aminopyrazole 



H,NOC 



H 2 N 
(VII) 





H,N 



A process as claimed in claim 1 wherein 

in(A),Yisch.oroorbromo. the Lewis acid is aluminium chloride or aluminium bromide, and the reducing 

30 



EP 0 526 004 A1 



agent is sodium borohydride; 

in (B), X and Y are chloro or bromo, P is benzyl and is removed by catalytic hydrogenation, and P' is 
t-butoxycarbonyl and is removed using hydrogen chloride; 
in (C^, 

(i^ the chloromethylation carried out using paraformaldehyde and concentrated hydrochloric acid, 
and 

(a) the reduction is effected by palladium-catalysed hydrogenation, 

(b) the alkali metal hydroxide is sodium hydroxide or potassium hydroxide, 
{c£ the reaction with R 5 R 6 NH is carried but using an excess of said amine, 
(d) the alkali metal cyanide is sodium cyanide or potassium cyanide; 

(ii) the aromatic bromination is carried out using N-bromosuccinimide, and 
(a) the lithium-bromine exchange is effected using n-butyllithium, 
(b^the reaction with allyl alcohol is effected under Heck reaction conditions, 
(c^ the reaction with 3-buten-1-ol is effected under Heck reaction conditions; 
in (D), the reaction with the appropriate a.fi-unsaturated nitrile, amide or ester respectively, is effected 
under Heck reaction conditions using tri-o-tolylphosphine, palladium(ll) acetate and triethylamine, the 
optional hydrolysis of the ester is achieved using aqueous solium hydroxide solution in methanol, the 
optional reduction of the alkenyl group is effected by palladium-catalysed hydrogenation, and the op- 
tional further or concomitant reduction of the nitrile group is carried out using Raney nickel in glacial 
acetic acid; 

in (E), the lithium-bromine exchange is effected- using n-butyllithium, the formylation reagent is dime- 
thylformamide, and the alkene reduction is achieved by catalytic hydrogenation; 
in (F). the reaction with 

(a) a C 2 - or C 3 -alkanol, is carried out in the presence of one (equivalent of sodium metal, or 

(b) a C 2 - or C 3 -diol, is carried out in the presence of one equivalent of sodium metal, the hydroxy 
group is converted to its mesylate using mesyl chloride in pyridine as solvent, and the reaction with 
R 5 R 6 NH is carried out using an excess of said amine; and ' « ' 1 

(ii) the lithium-bromine exchange is effected using n-butyllithium; 
in (G), the lithium- bromine exchange is effected using n-butyllithium, and the carboxylic acid is activated 
' using a carbodiimide in combination with 1-hydrbxybenzotriazole; 

in (H), the nitration is achieved using concentrated nitric acid in combination with concentrated sulphuric 
acid, the nitro compound is reduced by catalytic hydrogenation, the reaction with a sulphamoyl chloride 
or with a sulphonyl chloride is carried out in the presence of excess pyridine or triethylamine optionally 
in the presence of 4-dimethylaminopyridine, and the reaction with sulphamide is effected at about 
100°C; 
in <■)- 

(i^ the palladium catalyst is tetrakis(triphenylphosphine)palladium(0), and the optionally substituted 
phenyl or heterocyclyl zincate derivative is obtained from the corresponding optionally subtituted 
phenyl or heterocyclyilithium derivative and anhydrous zinc chloride; and 
(ii|the heterocyclic is present in excess, and the base is anhydrous potassium carbonate. 

A process as claimed in claim 2 wherein the O-alkylation is effected using the appropriate alkyl chloride, 
bromide or sulphonate, in the presence of potassium carbonate. 

A process as claimed in any one of claims 1 to 5 wherein R 1 is H, methyl or ethyl; R 2 is C r C 3 aikyl; R 3 is 
C r C 3 alkyl; R 4 is C r C2 alkyi optionally substituted with OH, NR 6 R 6 , CONR 6 R 8 or C0 2 R 7 ; acetyl optionally 
substituted with NR 5 R 6 ; hydroxyethyl substituted with NR 5 R 6 ; ethoxymethyl optionally substituted with OH 
or NR 5 R 8 ; CH=CHCN; CH=CHC0NR5R 8 ; CH=CHC0 2 R 7 ; C0 2 H; C0NR 8 R 8 ; Br, NR 6 R 6 ; NHS0 2 NR 5 R 6 ; 
NHS0 2 R 8 ; or pyridyl or imidazolyl either of which is optionally substituted with methyl; R 5 and R 8 are each 
independently H, methyl or ethyl, or together with the nitrogen atom to which they are attached form a 
piperidino, morpholino, 4-(NR 9 )-1-piperazinyl or imidazolyl group wherein said group is optionally substi- 
tuted with methyl or hydroxy; R 7 is H or t-butyl; R 8 is methyl or CH 2 CH 2 CH 2 NR 5 R 8 ; and R 9 is H, methyl, 
benzyl, 2-hydroxyethyl or acetyl 

A process as claimed in claim 6 wherein R 1 is methyl; R 2 is n-propyl; R 3 is ethyl or n-propyl; R 4 is CH 2 NR 5 R 6 , 
CH 2 OCH 2 CH 2 NR 5 R 8 , CH 2 OCH 2 CH 3 , CH 2 OCH 2 CH 2 OH, COCH 2 NR5R 8 , CH(OH)CH 2 NR5R 8 , CH- 
=CHCON(CH 3 ) 2 , CH=CHC0 2 R 7 , C0 2 H, CONR 8 R 8 , Br, NHS0 2 NR5R 8 , NHS0 2 CH 2 CH 2 CH 2 NR 5 R 6 , 2-pyri- 
dyl, 1-imidazolyl or 1-methyl-2-imidazolyl; R 5 and R 8 together with the nitrogen atom to which they are at- 



31 



EP 0 526 004 A1 

* 

group, R is H or t-butyl, and R 9 is H, methyl, benzyl, 2-hydroxyethyl or acetyl. 

A Pr °TrV e S th o a J!TSi n C, l m , 7 0 wherein said °' formula (!) produced te se.ected from: 

pyrj^^ 

.o[4.3-Syn^ 

[4,3-dJpy^^^^ 

din-T^^^ 

imidin-7-one, and pharmaceutical^ acceptable salts thereof. . JP * 
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